A homemade cold plasma jet device for medical application is introduced here. It consists of a microsecond-pulsed power source and a handheld jet gun. The pulse width is used to generate touchable cold plasma jet, and the maximum jet lengths were 7 cm and 3
I. INTRODUCTION
In recent decades, plasma medicine has shown great potential in many clinical aspects such as skin disinfection, 1 wound healing, 2 blood coagulation, 3 cancer therapy, 4 dentistry, 5 dermatology 6 and plastic aesthetic surgery. 7 the effectiveness of clinical plasma medicine through in vitro/in vivo, animals and human trial studies. [8] [9] [10] [11] Clinical plasma medicine has advantages over existing traditional medical technologies in certain applications, for instance, severe burns or chronic wounds. To fully understand the mechanism of plasma medicine, many studies have focused on the and oxidative stress, and immune responses.
12-15 Plasma medicine may become a powerful tool for disease control in the future.
vices used in plasma medicine. Plasma devices are critical for medical applications, and -cialization. Until now, only a few integrated plasma medical devices have been reported, and a plasma endoscope.
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In this paper, we present our recently developed pulsed-plasma jet device. A specially designed microsecond-pulsed power supply and a handheld plasma gun have been integrated as a medical device. The jet is touchable and cold and can be applied biological disinfection results. Figure 1 shows our home-made integrated plasma jet device. It consists of a microsecond-pulsed power source and a handheld jet gun. The diameter of jet gun is ~25 mm. The pulsed-power source can produce high-voltage pulses with a peak value up to 12 the panel within 2-10 L/min. Figure 2 shows the schematic diagram of the jet gun. Two quartz tubes are used as an insulating medium and to generate a double-dielectric bar- encased by the inner quartz tube. The outer quartz tube with inner diameter of 4 mm is placed around a grounded metal nozzle; thus, discharge between the two quartz tubes is 0.5 mm. A touchable cold plasma jet can be produced from the nozzle with a diameter of ~4 mm. This plasma gun can be held in the human hand and can be conveniently oper-18, 19 this plasma device can produce a longer plasma jet.
II. EXPERIMENTS AND METHODS

A. Pulsed Plasma Jet Device
B. Measurement Methods
--
C. Plasma Surface Disinfection
As shown in Fig. 3 , bacteria Staphylococcus aureus ATCC6538 were selected to evalhours at 37°C in a prepared nutrient broth to a cell density of ~10 9 -10 10 CFU/mL. Bacteria were then sprayed onto an agar plate using a special spray bottle in biosafety cabinets or coated on a quartz plate with properly diluted bacteria suspension. After detect survival bacteria. The plasma-treated agar plates were directly transferred to a 37°C incubator and stored for 12-24 hours, and the diameter of bactericidal spots
FIG. 2:
a result, if 1 CFU was found on HPC agar plate, there were 20 survival bacteria on quartz surface. Each experiment was repeated for 3 times, and average results were then obtained. 
III. RESULTS AND DISCUSSION
A. Typical Electrical Characteristics
FIG. 6:
Effect of operating frequency on helium plasma jet.
exit, and gradually decreases as jet propagates. At the end of plasma jet, its diameter is turbulence, and the jet length is dramatically reduced. Moreover, the plasma jet becomes jet is observed, and the jet length is remains ~2 cm. This observation of the effect of gas 25, 26 C. Generation of Argon Plasma Jet effect of peak voltage on an Ar plasma jet when it is operated at a frequency of 15 kHz jet is observed. However, if we observe the quartz tube, the Ar gas is ionized and luminous at 7 kV. The voltage required for Ar gas ionization is higher than that for He gas.
from 0.5 cm to 3.0 cm when the peak voltage increases from 8 Kv to12 kV. For the than that of the He plasma jet. Figure 9 gives the effect of operation frequency on the
FIG. 7:
length of the plasma jet is ~2.4 cm. The maximal length of 3 cm is obtained when the Figure 11 shows the emission spectrum of He and Ar plasma jets when they are operated than that of He. In fact, the integral times were set at 10 ms and 100 ms, respectively, for Ar and He, which means that the actual Ar emission was more than 10 times higher no obviously increment of spot was observed. Thus, a 4-mm plasma jet can produce a bactericidal spot of up to 35 mm in 2 min. Figure 13 shows the results of disinfection of S. aureus on an agar plate treated with an Ar plasma jet operated at a peak voltage of 12 kV, a frequency of 20 kHz, and bactericidal spot of 10 mm in diameter was observed on the agar plate. The diameter of bactericidal spot increased as treatment time increased. For the treatment times of 1.0 min, 1.5 min, 2 min, and 2.5 min, the bactericidal spots of ~20 mm, ~30 mm, ~40 the S. aureus and treatment distance was 2 cm. The jet appearances are shown in Fig. 7 and Fig. 10 . Peak voltage, pulsed frequency, and treatment time are 12 kV, 20 kHz, and 1.0 min. The results are shown in Fig. 14 ; the bactericidal spot diameter of He treatment is ~10 mm that of Ar treatment is 16 mm. Compared with the He plasma jet, the Argon plasma jet Figure 15 shows disinfection of S. aureus on a quartz plate by He and Ar plasma -4 5 CFU/cm 2 . After 0.5 min of He plasma 3 CFU with a log reduction of 1.1. For Ar plasma, most of the bacteria had been eliminated after 0.5 min, with ~600 CFU residual and log reduction of 2.1. Furthermore, all bacteria were sterilized after 1 min of Ar plasma treatment. However, after He plasma treatment for 1 min, ~350 CFU remained. Approximately 1.5 min was required to realize sterilization with He for disinfection.
D. Emission Spectrum of Pulsed Plasma Jet
FIG. 12:
Staphylococcus aureus on agar plate by helium plasma jet.
FIG. 13:
Staphylococcus aureus on agar plate by argon plasma jet.
FIG. 14:
Comparison of disinfection results on agar plate by helium and argon plasma jet.
FIG. 15:
Staphylococcus aureus on quartz plate by helium and argon plasma jet
IV. CONCLUSION
A microsecond-pulsed cold plasma jet device was developed. It consists of a microsecjet was easier to generate than the Ar plasma jet. The maximum lengths for He and Ar -fect plasma jet length, whereas the operation frequency only affects plasma brightness.
S. aureus on a 90-mmdiameter agar plate with the plasma jet, bactericidal spots up to 5 cm in diameter were observed after a 2.5-min treatment. For treating S. aureus on a 10-mm quartz plate, all bacteria were inactivated in 1.5 and 1 min by the He and Ar plasma jets, respectively. device, more investigations are necessary to fully understand its characteristics includ--cal trials are also being undertaken using this cold plasma jet, for instance, treatment of onychomycosis on toenail and leukoderma on skin.
ACKNOWLEDGMENT
